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(57) ABSTRACT

A converter 1s provided. The converter includes a housing,
a circuit board unit, a heat source member, a fan, and a first
heat sink. A waterproof arca and a ventilation area are
formed 1n the housing. The circuit board unit 1s disposed 1n
the waterprootf area. The heat source member 1s disposed 1n
the waterproof area and coupled to the circuit board unait.
The fan 1s disposed 1n the ventilation area, wherein the fan
1s adapted to generate an air flow. The first heat sink 1s
disposed in the ventilation area, and thermally connected to
the heat source member, wherein the air flow 1s adapted to
pass through the first heat sink.
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1
CONVERTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 62/659,380, filed Apr. 18, 2018, the entirety
of which 1s incorporated by reference herein.

This Application claims priority of China Patent Appli-
cation No. 201910027913.5, filed on Jan. 11, 2019, the
entirety ol which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a converter, and in
particular to a converter with improved heat dissipation.

Description of the Related Art

A capacitor 1s one of the heat sources 1nside a converter.
Conventionally, a capacitor 1s connected to an outer cooling
system by a bushing, and the heat of the capacitor 1s
removed by the bushing. However, this conventional design
1s not adequately waterproot, and the capacitor can be easily
damaged by moisture.

In another conventional design, the capacitor 1s disposed
in a waterproof area inside the converter, and a fan 1is
disposed 1n the waterproof area to dissipate the heat from the
capacitor. However, the fan occupies the limited space of the
waterprool area, and the amount of available space inside
the converter 1s decreased.

BRIEF SUMMARY OF THE INVENTION

In one embodiment, a converter 1s provided. The con-
verter includes a housing, a circuit board umit, a heat source
member, a fan, and a first heat sink. A waterproof area and
a ventilation area are formed in the housing. The circuit
board umit 1s disposed in the waterproof area. The heat
source member 1s disposed in the waterproof area and
coupled to the circuit board unit. The fan 1s disposed 1n the
ventilation area, wherein the fan 1s adapted to generate an air
flow. The first heat sink 1s disposed 1n the ventilation area,
and thermally connected to the heat source member, wherein
the air flow 1s adapted to pass through the first heat sink.

In one embodiment, the converter further comprises a heat
conductive layer, wherein the heat conductive layer 1s dis-
posed 1n the waterproof area and 1s sandwiched between the
heat source member and the first heat sink.

In one embodiment, the converter further comprises an
adapter board, wherein the adapter board 1s disposed 1n the
waterproof area and 1s coupled to the circuit board unait, the
adapter board 1s perpendicular to the circuit board unit, and
the heat source member 1s connected to the adapter board.

In one embodiment, on a projection plane, a projection of
the circuit board unit, a projection of the heat source member
and a projection of the first heat sink partially overlap each
other.

In one embodiment, the heat source member comprises a
capacitor.

In one embodiment, the converter further comprises a
relay, wherein the relay 1s disposed in the waterproof area
and 1s disposed on the circuit board unit, and the relay
corresponds to the capacitor.

In one embodiment, the converter further comprises a
transformer, an output control unit and a second heat sink,
wherein the transformer and the output control unit are
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disposed on the circuit board unit, the transformer corre-
sponds to the second heat sink, the second heat sink 1s
thermally connected to the output control unit, the trans-
former and the output control unit are disposed in the
waterprool area, the second heat sink 1s disposed in the
ventilation area, and the air tlow 1s adapted to pass through
the second heat sink.

In one embodiment, the second heat sink 1s located
between the first heat sink and the fan.

In one embodiment, the circuit board unit comprises a first
circuit board and a second circuit board, the relay 1s disposed
on the first circuit board, the transformer and the output
control umt are disposed on the second circuit board, the
second circuit board comprises a first surface and a second
surface, the first surface 1s opposite the second surface, the
transformer 1s disposed on the first surface, and the output
control unit 1s disposed on the second surface.

In one embodiment, on a projection plane, a projection of
the first circuit board, a projection of the capacitor, and a
projection of the first heat sink partially overlap each other,
and a projection of the second circuit board and a projection
of the second heat sink partially overlap each other.

In one embodiment, the housing further comprises a
spacer, the spacer 1s disposed between the first circuit board
and the capacitor, and the first circuit board 1s aflixed to the
spacer.

In one embodiment, the converter further comprises a first
stopper and a first waterproolf ring, the first stopper has a first
opening, the first heat sink covers the first opening, the first
waterproof ring 1s embedded 1n the first stopper and abuts
the first heat sink, and the first heat sink 1s thermally
connected to the capacitor via the first opening.

In one embodiment, the converter further comprises a
second stopper and a second waterproof ring, the second
stopper has a second opening, the second heat sink covers
the second opening, the second waterproof ring 1s embedded
in the second stopper and abuts the second heat sink, and the
second heat sink 1s thermally connected to the output control
unit via the second opening.

In another embodiment, the invention further provides a
converter, which includes a circuit board unit, an adapter
board, a capacitor and a first heat sink. The adapter board 1s
coupled to the circuit board unit, wherein the adapter board
1s perpendicular to the circuit board unit. The capacitor 1s
connected to the adapter board. The first heat sink 1is
thermally connected to the capacitor.

Utilizing the converter of the embodiment of the mmven-
tion, since there 1s no additional fan disposed inside the
waterprool area, the cost 1s reduced, and the available space
inside the waterprool area i1s increased. Particularly, the
capacitor 1s disposed under the circuit board unit, and the
space utilization inside the housing 1s increased. In the
embodiment of the invention, the first stopper, the first heat
sink, the second stopper and the second heat sink separate
and define the waterproof area and the ventilation area, and
the waterprood ability, and space utilization, the reliability
and the heat dissipation are improved.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:
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FIG. 1A 1s a perspective view ol a converter of an
embodiment of the invention;

FIG. 1B shows an inner structure of a converter of a first
embodiment of the invention;

FIG. 1C 1s a cross sectional view of the converter of the
first embodiment of the invention;

FIG. 2A shows an inner structure of a converter of a
second embodiment of the invention; and

FIG. 2B 1s a cross sectional view of the converter of the
second embodiment of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The following description 1s of the best-contemplated
mode of carrying out the invention. This description 1s made
for the purpose of illustrating the general principles of the
invention and should not be taken 1n a limiting sense. The
scope of the invention 1s best determined by reference to the
appended claims.

FIG. 1A 1s a perspective view of a converter B of an
embodiment of the invention. FIG. 1B shows an inner
structure of a converter B1 of a first embodiment of the
invention. FIG. 1C 1s a cross sectional view of the converter
B1 of the first embodiment of the invention. With reference
to FIGS. 1A, 1B and 1C, the converter B1 of the first
embodiment of the imnvention includes a housing 1, a circuit
board unit 2, a heat source member 3, a fan 4 and a first heat
sink S1. A waterproof area 101 and a ventilation area 102 are
formed 1n the housing 1. The circuit board unit 2 1s disposed
in the waterproof area 101. In this embodiment and other
embodiments of the invention, the heat source member 3
includes a capacitor. However, the disclosure 1s not meant to
restrict the nvention. The capacitor 3 1s disposed in the
waterprootf area 101 and coupled to the circuit board unit 2.
The fan 4 1s disposed 1n the ventilation area 102, wherein the
tan 4 1s adapted to generate an air flow A. The first heat sink
51 1s disposed 1n the ventilation area 102, and thermally
connected to the capacitor 3. The air flow A 1s adapted to
pass through the first heat sink 51, contacts the first heat sink
51 and removes the heat therefrom. In one embodiment, the
capacitor 3 can be replaced by power module, switch
member or other heat source members, which can be dis-
posed on the located where the capacitor 3 1s 1n this
embodiment.

With retference to FIGS. 1B and 1C, 1n one embodiment,
the converter B1 further comprises a heat conductive layer
53. The heat conductive layer 53 1s disposed in the water-
prool area 101 and 1s sandwiched between the capacitor 3
and the first heat sink 51. The heat conductive layer 53 is
utilized as an intermediary layer to enhance the thermal
connection between the capacitor 3 and the first heat sink 51.
The heat conductive layer 53 can also be replaced by thermal
pad, thermal paste or other similar heat conductive elements.
In another embodiment, the capacitor 3 can also be directly
connected to the first heat sink 51. The disclosure 1s not
meant to restrict the invention.

With reference to FIGS. 1B and 1C, 1n one embodiment,
the converter B1 further comprises an adapter board 31,
wherein the adapter board 31 1s disposed 1n the waterproof
area 101 and 1s coupled to the circuit board unit 2. The
adapter board 31 1s perpendicular to the circuit board unit 2,
and the capacitor 3 coupled to the circuit board unit 2 via the

adapter board 31.

With reference to FIGS. 1B and 1C, 1n this embodiment,
the adapter board 31 1s coupled to the circuit board unit 2 via
a cable 32. In another embodiment, the adapter board 31 can
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4

be 1nserted to a connector (not shown) of the circuit board
umt 2 to be coupled to the circuit board umit 2. The
disclosure 1s not meant to restrict the invention.

With reference to FIGS. 1B and 1C, 1n one embodiment,
on a projection plane P 1n a first direction Z, a projection of
the circuit board unit 2, a projection of the capacitor 3 and
a projection of the first heat sink 351 partially overlap each
other. As shown 1n FIGS. 1B and 1C, the capacitor 3 can be
horizontally below the circuit board unit 2. In this embodi-
ment, the position of the capacitor 3 1s sufliciently corre-
sponding to the first heat sink 51. The first heat sink 51 1s
thermally connected to the capacitor 3. The first heat sink 51
removes the heat from the capacitor 3, and then the heat 1s
taken away by the air flow A.

With reference to FIG. 1A, 1n one embodiment, the
converter B1 further comprises a relay 241, wherein the
relay 241 1s disposed in the waterproof arca 101 and 1s
disposed on the circuit board unit 2. The relay 241 corre-
sponds to the capacitor 3. Particularly, the relay 241 and the
capacitor 3 are disposed on different sides of the circuit
board unit 2. In one embodiment, the relay 241 1s disposed
on an upper surface ol the circuit board unit 2, and the
capacitor 3 1s disposed on a lower surface of the circuit
board unit 2.

With reference to FIGS. 1B and 1C, 1in one embodiment,
the converter B1 further comprises a transformer 242, an
output control unit 243 and a second heat sink 352. The
transformer 242 and the output control unit 243 are disposed
on the circuit board umit 2. The transtformer 242 corresponds
to the second heat sink 52. The second heat sink 52 1s
thermally connected to the output control unit 243. The
transformer 242 and the output control unit 243 are disposed
in the waterproof area 101, the second heat sink 52 1is
disposed 1n the ventilation area 102, and the air flow A 1s
adapted to pass through the second heat sink 52, contacts the
second heat sink 52 and removes the heat therefrom.

In one embodiment, the second heat sink 52 1s directly
connected to the output control unit 243. In another embodi-
ment, a heat conductive layer or a thermal paste can be
disposed between the second heat sink 52 and the output
control unit 243. The disclosure 1s not meant to restrict the
invention. The heat generated by the transformer 242 and the
output control unit 243 1s conducted by the second heat sink
52, and 1s removed by the air flow A.

With reference to FIG. 1A, in one embodiment, the
second heat sink 52 1s located between the first heat sink 51
and the fan 4. The air flow A passes through the second heat
sink 352 first, and then passes through the first heat sink 31.
However, the disclosure 1s not meant to restrict the inven-
tion. For example, in another embodiment, the air flow A can
travel in opposite direction.

With reference to FIGS. 1B, and 1c¢, 1n this embodiment,
the circuit board unit 2 comprises a first circuit board 21 and
a second circuit board 22. A height difference 1s formed
between the first circuit board 21 and the second circuit
board 22. The electronic elements can be arranged to the first
circuit board 21 and the second circuit board 22 according
to the design requirement, and the space utilization of the
waterprootf area 101 can be improved with the design of the
housing 1. The relay 241 1s disposed on the first circuit board
21. The transformer 242 and the output control unit 243 are
disposed on the second circuit board 22. The second circuit
board 22 comprises a first surface 221 and a second surface
222. 'The first surface 221 1s opposite the second surface 222.
The transformer 242 1s disposed on the first surface 221, and
the output control unmit 243 1s disposed on the second surface
222. The design of the first circuit board 21 and the second
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circuit board 22 improves the utilization flexibility inside the
housing 1. The disclosure 1s not meant to restrict the
invention.

In one embodiment, the first circuit board 21 1s coupled to
the second circuit board 22 via a cable or a connector. The
disclosure 1s not meant to restrict the mvention.

In one embodiment, the output control unit 243 can be an
insulated gate bipolar transistor (IGB'T), a bipolar junction

l

transistor (BJT), a metal-oxide-semiconductor field-effect

transistor (MOSFET) or other similar electronic element
which can control circuit switch. The disclosure 1s not meant
to restrict the invention.

With reference to FIGS. 1B and 1C, 1n one embodiment,
on the projection plane P 1n the first direction Z, a projection
of the first circuit board 21, a projection of the capacitor 3
and a projection of the first heat sink 51 partially overlap
cach other, and a projection of the second circuit board 22
and a projection of the second heat sink 52 partially overlap
cach other. The arrangement above overlaps the heat trans-
mission paths of the heat source member and the heat sink,
and the heat dissipation efliciency 1s therefore improved.

With reference to FIGS. 1B and 1C, 1n one embodiment,
the housing further comprises a spacer 13. The spacer 13 1s
disposed between the first circuit board 21 and the capacitor
3, and the first circuit board 21 1s aflixed to the spacer 13. In
one embodiment, the spacer 13 also supports the adapter
board 31. The disclosure 1s not meant to restrict the inven-
tion.

With retference to FIGS. 1B and 1C, 1n one embodiment,
the converter B1 further comprises a first stopper 11 and a
first waterprool ring 111. The first stopper 11 has a first
opening 112. The first heat sink 51 covers the first opening
112. The first waterproof ring 111 1s embedded in the first
stopper 11 and abuts the first heat sink 51. The first heat sink
51 i1s thermally connected to the capacitor 3 via the first
opening 112.

With reference to FIGS. 1B and 1C, 1n one embodiment,
the converter B1 further comprises a second stopper 12 and
a second waterproof ring 121. The second stopper 12 has a
second opening 122. The second heat sink 52 covers the
second opeming 122. The second waterproof ring 121 1s
embedded 1n the second stopper 12 and abuts the second
heat sink 52. The second heat sink 52 1s thermally connected
to the output control unit 243 via the second opening 122.

In one embodiment, the first heat sink 51 and the second
heat sink 52 has fin structure to increase heat dissipation
area. For example, the {in structure can be formed on the side
of the first heat sink 51 that 1s opposite the side being
thermally connected to the capacitor 3. The first heat sink 51
and the second heat sink 52 can be formed by aluminum
extrusion to tightly contact the waterprootf rings. The con-
verter ol the embodiment of the mvention has lower cost
relative to the conventional bushing design, and has
improved tightness and reliability. The disclosure 1s not
meant to restrict the invention.

Utilizing the converter of the embodiment of the imnven-
tion, since there 1s no additional fan disposed inside the
waterproof area, the cost 1s reduced, and the available space
inside the waterproof area 1s increased. Particularly, the
capacitor 1s disposed under the circuit board umt, and the
space utilization inside the housing 1s increased. In the
embodiment of the invention, the first stopper, the first heat
sink, the second stopper and the second heat sink separate
and define the waterproof area and the ventilation area, and
the waterproof ability, and space utilization, the reliability
and the heat dissipation are improved.
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In another embodiment, base one other consideration and
design, the fan can also disposed in the waterproof area of
the structure of the embodiment of the invention. The
disclosure 1s not meant to restrict the ivention.

FIG. 2A shows an inner structure of a converter B2 of a
second embodiment of the invention. FIG. 2B 1s a cross
sectional view of the converter B2 of the second embodi-
ment of the invention. With reference to FIGS. 2A and 2B,
in the converter B2 of the second embodiment of the
invention, the circuit board unit has only one circuit board
23. The relay 241, the transformer 242 and the output control
unit 243 as mentioned above are all disposed on the circuit
board 23. Utilizing the converter of the second embodiment
of the invention, only one circuit board 1s used, and no
additional mechanism 1s required to elevate a portion of the
circuit board. The cost of the circuit board unit and the whole
converter 1s further decreased.

Use of ordinal terms such as “first”, “second”, *“third”,
etc., 1n the claims to modily a claim element does not by
itsell connote any priority, precedence, or order of one claim
clement over another or the temporal order 1n which acts of
a method are performed, but are used merely as labels to
distinguish one claim element having a certain name from
another element having the same name (but for use of the
ordinal term).

While the mvention has been described by way of
example and m terms of the preferred embodiments, it
should be understood that the invention 1s not limited to the
disclosed embodiments. On the contrary, 1t 1s intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A converter, comprising:

a housing, wherein a waterproof area and a ventilation

area are formed 1n the housing;

a circuit board unit, disposed in the waterproot area;

a heat source member, disposed 1n the waterproof area and
coupled to the circuit board unit;

a fan, disposed 1n the ventilation area, wherein the fan 1s
adapted to generate an air tflow;

a first heat sink, disposed in the ventilation area, and
thermally connected to the heat source member,
wherein the air flow 1s adapted to pass through the first
heat sink, wherein the first heat sink has a fin structure
formed on a first side of the first heat sink, the heat
source member 1s thermally connected to a second side
of the first heat sink, and the first side 1s opposite to the
second side; and

an adapter board, wherein the adapter board 1s disposed 1n
the waterproot area and 1s coupled to the circuit board
unit, the adapter board 1s perpendicular to the circuit
board unit, and the heat source member 1s connected to
the adapter board, wherein the adapter board 1s located
between the first heat sink and the circuit board unait.

2. The converter as claimed 1n claim 1, further comprising,
a heat conductive layer, wherein the heat conductive layer 1s
disposed 1n the waterproof area and 1s sandwiched between
the heat source member and the first heat sink.

3. The converter as claimed i1n claim 1, wherein on a
projection plane, a projection of the circuit board unit, a
projection of the heat source member and a projection of the
first heat sink partially overlap each other.

4. The converter as claimed 1n claim 1, wherein the heat
source member comprises a capacitor.
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5. The converter as claimed in claim 4, further comprising
a relay, wherein the relay 1s disposed 1n the waterproof area
and 1s disposed on the circuit board unit, and the relay
corresponds to the capacitor.

6. The converter as claimed 1n claim 5, further comprising
a transformer, an output control unit and a second heat sink,
wherein the transformer and the output control unit are
disposed on the circuit board umnit, the transtormer corre-
sponds to the second heat sink, the second heat sink 1s
thermally connected to the output control unit, the trans-
former and the output control unit are disposed in the
waterprool area, the second heat sink 1s disposed 1n the

ventilation area, and the air tlow 1s adapted to pass through
the second heat sink.

7. The converter as claimed 1n claim 6, wherein the
second heat sink 1s located between the first heat sink and the
fan.

8. The converter as claimed 1n claim 6, wherein the circuit
board umit comprises a first circuit board and a second circuit
board, the relay 1s disposed on the first circuit board, the
transiformer and the output control umt are disposed on the
second circuit board, the second circuit board comprises a
first surface and a second surface, the first surface 1s opposite
the second surface, the transformer 1s disposed on the first
surface, and the output control unit 1s disposed on the second
surface.

9. The converter as claimed 1n claim 8, wherein on a
projection plane, a projection of the first circuit board, a
projection of the capacitor, and a projection of the first heat
sink partially overlap each other, and a projection of the
second circuit board and a projection of the second heat sink
partially overlap each other.

10. The converter as claimed in claim 8, wherein the
housing further comprises a spacer, the spacer 1s disposed
between the first circuit board and the capacitor, and the first
circuit board 1s athixed to the spacer.

11. The converter as claimed 1n claim 6, further compris-
ing a first stopper and a first waterproof ring, the first stopper
has a first opening, the first heat sink covers the first opening,
the first waterproof ring 1s embedded 1n the first stopper and
abuts the first heat sink, and the first heat sink 1s thermally
connected to the capacitor via the first opening.

12. The converter as claimed in claim 11, further com-
prising a second stopper and a second waterproof ring, the
second stopper has a second opening, the second heat sink
covers the second opening, the second waterproof ring is
embedded 1n the second stopper and abuts the second heat
sink, and the second heat sink 1s thermally connected to the
output control unit via the second opening.
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13. A converter, comprising;:

a circuit board unit;

an adapter board, coupled to the circuit board unit,
wherein the adapter board 1s perpendicular to the circuit
board unit;

a capacitor, connected to the adapter board;

a first heat sink, thermally connected to the capacitor,
wherein the first heat sink has a fin structure formed on

a first side of the first heat sink, the capacitor is
thermally connected to a second side of the first heat

sink, and the first side 1s opposite to the second side;
and

a heat conductive layer, wherein the heat conductive layer
1s sandwiched between the capacitor and the first heat
sink, wherein the capacitor 1s directly connected to the
heat conductive layer, and the heat conductive layer 1s
directly connected to the first heat sink.

14. The converter as claimed 1n claam 13, wherein on a
projection plane, a projection of the circuit board unit, a
projection of the capacitor, and a projection of the first heat
sink partially overlap each other.

15. The converter as claimed in claim 13, further com-
prising a relay, wherein the relay 1s disposed on the circuit
board unit, and the relay corresponds to the capacitor.

16. The converter as claimed 1n claim 15, further com-
prising a transiformer, an output control unit, a second heat
sink and a fan, wherein the transformer and the output
control umt are disposed on the circuit board unit, the
transformer corresponds to the second heat sink, the second
heat sink 1s thermally connected to the output control unait,
the fan 1s adapted to generate an air tlow, the air flow 1s
adapted to pass through the first heat sink and the second
heat sink, and the second heat sink 1s located between the
first heat sink and the fan.

17. The converter as claimed 1n claim 16, wherein the
circuit board unit comprises a first circuit board and a second
circuit board, the relay i1s disposed on the first circuit board,
the transformer and the output control unit are disposed on
the second circuit board, the second circuit board comprises
a first surface and a second surface, the first surface is
opposite the second surface, the transformer 1s disposed on
the first surface, and the output control unit 1s disposed on
the second surface.

18. The converter as claimed 1n claam 17, wherein on a
projection plane, a projection of the first circuit board, a
projection of the capacitor, and a projection of the first heat
sink partially overlap each other, and a projection of the
second circuit board and a projection of the second heat sink
partially overlap each other.
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